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rejoining, 559 


SUBJECT INDEX 


Carboxylic acids 
elements extracted with, 
231 
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at scission, 321 
Charge exchange 
cross sections 
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404, 408, 510-11, 524 
gradient-B drifts, 411 
in Stellarator, 422, 423 
Chelate extraction systems, 
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irradiation of, 496-98 
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and weak interaction, 65 
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effect on radiosensitivity, 
567-68 
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delay of, 580 
Cholesterol metabolism 
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Cholinesterase variations 
after radiation, 530 
Chromatography, 211-12 
ion-exchange, 211 
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437, 452 
for spherical fast systems, 
459 


Copper 
extraction of, 224, 225, 
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74 
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of high-energy investiga- 
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in meson experiments, 
361-62 
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CPT theorem, 104, 105, 122 
Creatine excretion 
and muscle catabolism, 
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gonne, British, Los 
Alamos, Russian crit- 
ical assemblies 

Cross sections 
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for high-energy particles, 
163-64 
measurement, 171-72 
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19, 22 
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see also Fission cross 
sections 
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effect on radiosensitivity 
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Cysteamine protection 
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ot marine organism eg; 3, 
495 
of mouse embryo, 507-8 
in rat ‘iver, 543 
of T2 phage, 541 
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and irradiation, 539-40, 
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408, 415 
Decays; see Beta decay; 
Leptonic decay; and 
Strange particles 
Deuterium 
in pinch effect, 421 
primary fusion fuel, 367 
Deuteron 
anisotropies of 
for deuteron-induced fis- 
sion, 333 
in medium-energy region, 
328 
bismuth fission, 334 
experimental deuteron cross 
sections, 4 
fission threshold studies, 
257-58, 259 
photodisintegration of, 1- 
5 


radium fission, 333-34 
Diamagnetism 
of high-temperature plasma, 
401 


Diethyldithiocarbamates 
metal extraction with, 
226-27 
B-Diketones 
metal extraction with, 
229-30 
Dilution exponent 
in reactors, 450, 451 
Dirac equation, 76, &4 
"Dirac" neutrino, 138-39 
Discriminators 
transistorized, 351 
Dispersion relations, 30, 
35, 49, 50 
derivation, 33 
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fer, 47-51 
Mandelstam representa- 
tion, 51-59 
microscopic causality 
principle, 30 
nucleon-nucleon, 49 
pion-nucleon scattering, 
30-59 
pion-pion scattering, 51- 
52 
in plasma waves, 408, 
416 
reduction formula, 31 
substitution rule, 34-35 
subtractions in, 48 
see also Poles 
Distribution law 
of solute concentrations 
distribution coefficient 
Kp, 222 
distribution ratio D, 222, 
225, 238 
Dithizone 
elements extractable by, 
227-28 
DNA (deoxyribonucleic acid) 
marker rescue from, 
567 
radiation damage to, 565 
synthesis 
in ascites tumor cells, 535 
causes, 578 
and chromosome repro- 
duction, 572 
in hibernating animals, 
539, 540 
in human bone marrow, 
577-78 
and protein synthesis, 577 
radiation damage to, 531, 
532-36, 545 
DNase II 
radiation increase, 529-31 
Dogs, irradiation of, 501 
Dosimetry, 587 
Double-coincidence circuits, 
360, 362 
Dounreay reactor, 443, 460, 
466 
Drosophila 
irradiated, 575, 576 
Dry systems 
irradiation of, 554-55 
oxygen effect in, 558 
Dynamical friction 
between ion and electrons, 
375-76, 377, 398 
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in oxygen effect, 538-39 
Effective-mass 
nuclear, 13 
"Effective range" theory, 47 
Electricity 
growth rate 
of industry, 474 
Electrolyte balance 
failure of, 579-80 
Electrolyte shifts 
in irradiation, 543-44 
Electromagnetic waves 
in a plasma, 406, 407, 408 
resonance dispersion of, 
409 
Electron 
and "adiabatic hypothesis, " 
394-95 
angular distribution, 
103-4, 148 
density distribution 
in technetium compounds, 
206 
-electron bremsstrahlung, 
378-79, 383-84 
-ion bremsstrahlung, 378- 
79, 383-84 
-ion collisions, 404, 405 
-ion transfer rates, 376, 
378 
in Mirror Machine, 432-33 
-neutrino correlation, 
111-14, 117, 121-22, 
132 
in Fermi versus GT radi- 
ations, 112 
in plasma, 375, 376-78, 
415 
polarization, 107-11, 126- 
27 
bremsstrahlung detection 
of, 110, 115, 148 
runaway, 430 
see also Beta decay; Beta 
coupling; and Cobalt 60 
experiments 
Electronics, nuclear; see 
Measurements, fast time; 
Instrumentation, complex; 
Semiconductor electron- 
ics; Photomultipliers; 
and Transistors 
Embryology 
differentiating centers, 493 
fertilized egg 
radiation sensitivity of, 
516 
gastrulation susceptibility, 


irradiation of embryonic 
anlagen, 497 

man versus mouse, 509, 
511-14 

nature of embryo, 493-94, 
517 


"organismic" influences, 
493, 494, 503 
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radiation-sensitive stages, 
514, 519 
see also Radiation effects 
Energy-transfer hypothesis, 
564-65 
Enrico Fermi Atomic Power 
Plant, 442, 445 
characteristics of, 443 
fuel elements, 466 
Enzymes 
radiation effects on, 529- 
31, 555, 578-79 
Equal-chain-length rule, 
321-23 
Equal-specific-charge rule, 
321-23 
Erythrocyte lifetime 
shortening of, 580 
Euratom program 
fuel cost table, 484, 485 
Evaporation cascade, 181- 
82, 183-84 
in high-energy reactions, 
170, 173, 179 
in low-energy reactions, 
173 
Evaporation spectrum, 295 
Excitation curves, fission 
analysis of, 278 
bumps in, 259-60 
comparison of, 279 
for photon absorption, 276 
shape at barrier energies, 
256-58 
slope below fission barrier, 
253-56 
Excitation radiation, 380-81 
intensities, 382-84 
in pinch effect, 430 
Saha equation, 380 
stripping temperatures, 
382 


Exencephalia 
in fish Fundulus, 495 
human, 514 
in mouse embryos, 502, 
503, 505, 506, 508, 509, 
510, 511, 513, 514, 517, 
519 
Extension rule, 47-48 
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Fast reactors 
accident considerations 
fuel melt-down problem, 
467 
transient, 466-67 
TREAT, 467 
control and kinetics, 464- 
66 
coolants and heat transfer, 
469-64 
engineering, 460-68 
“Fermi coupling,” 106 
fuel cycle considerations, 
467-68 
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liquid-metal coolants, 461 
pyrometallurgical fuel- 
process cycle, 468 
see also Argonne, British, 
Los Alamos, and Russian 
fast reactors; and crit- 
ical assemblies 
Fats 
radiation effects on, 526-29 
metabolism, 544-45 
Feedback circuits, 348 
Fermi-gas nuclear model, 
13, 164 
Fermi selection rule; see 
Selection rules 
Fermi Theory of beta decay, 
99, 100, 122-33 
coupling constant, 106 
flexibility of, 124 
restriction to left-handed 
states, 125-27 
V-A Law, 127-30 
Feynman-Gell-Mann current, 
153-55 
beta-spectrum deviation, 
155 
"Fierz Interference" terms 
in beta decay, 131 
"Firehose" instability, 417 
Fish 
Fundulus embryo, 495 
irradiation of, 495-96 
salmon embryos, 495 
trout eggs, 495 
Fission, 188-89, 245-336 
asymmetric, 311-17, 318, 
320 
average mass ratios, 308- 
10 


binary, 306 
channels available for, 
262-65 
in charged-particle bom- 
bardments, 269-71 
of copper, 284, 285 
as a "direct effect," 281, 
335 
of elements lighter than 
thorium, 281-86 
energy available for, 286- 
88, 293-94 
excitation functions for, 
256-58, 276, 278, 282 
fine structure in, 308, 316 
induced by 
charged particles, 269-73 
heavy ions, 280, 284 
.esons, 281 
neutrons (fast), 277-79 
neutrons (slow), 261-66 
neutrons (thermal), 290, 
306-9 
liquid-drop model, 246-47 
mass distributions, 306-8, 
313-15 
asymmetry of, 304 
dependence on excitation 
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energy, 311, 313 
at moderate excitation 
energies, 266-73 
"modes" of, 313 
and neutron emission 
competition between, 
256, 266, 270, 272-73 
peak-to-valley ratios in, 


313-15 

photographic plate studies 
of, 281 

probability of, 183-84, 
245-86 


Q values of, 287-89 
of radium, 284 
resonances, 261, 262, 263 
shell structure in, 288, 
318, 319 
single-particle effects, 
249 
stages of, 286-88 
statistical theory of, 293, 
318-19 
symmetric, 293, 303-4, 
311-17, 319 
ternary, 305, 306 
see also Mass distribu- 
tions; Saddle point; 
Scission; Spontaneous 
fission; and following 
headings 
Fissionability 
angular momentum and, 
271-73 
formula for, 267- 68 
as function of energy, 
283 
high-energy, 280-81 
variation with excitation 
energy, 277-79, 333 
Fission barrier 
dependence on Z2A, 268 
heights of, 247 
effect of rotation on, 272 
in elements lighter than 
thorium, 283-84 
odd-even effects on, 269- 
71 
penetrability, 247-50, 
256, 257 
in spontaneous versus 
threshold fission, 254, 
255 
thickness of, 248 
see also Fission thresholds 
Fission cross sections 
below barrier, 253-56 
for elements lighter than 
thorium, 282 
as function of energy, 
276-79, 273-81 
induced by 
heavy ions, 273 
neutrons (fast), 238, 255- 
56, 265-66, 277-79 
neutrons (slow), 265 
neutrons (thermal), 
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265-66 
photons, 254-56 
in lead region, 285 
steps in, 277 
near threshold, 253-61 
Fission excitation function, 
256-58, 282 
slope of, 254 
Fission fragments 
angular correlation, 295 
angular distributions of, 
325-35 
from aligned nuclei, 328 
in alpha-particle bom- 
bardments, 333 
computations of, 330-31 
in deuteron bombard- 
ments, 333 
in direct interactions, 
328 
energy dependence of, 
325-35 
in neutron fission, 327 
theory of, 328-29 
at the threshold, 326-28, 
331 
atomic numbers of, 320- 
21 
beta decay of, 305 
energy dependence of, 
323-24 
most probable, 321 
Statistical theory of, 334 
charge-to-mass ratio, 323 
Coulomb energy between, 
291-93 
de-excitation of, 297, 305 
distance between 
at scission, 290 
distance from stable val- 
ley, 323-24 
distributions of, 286-336 
excitation energy of, 
293-305, 319 
heavy fragment mass 
constancy of, 207-9 
hot-dog, 289 
kinetic energies of, 288- 
93 
table, 289 
mass distributions, 207- 
9, 305-20 
curves, shapes of, 310- 
11, 315, 320 
and liquid-drop model, 
317 
mass numbers of, 305-20 
measurements of, 324-25 
nuclear charge dis- 
tribution of, 320-25 
Fission, high-energy, 159, 
179-84 
charge distribution in, 
182 
cross sections for, 181 
energetics of, 182-83 
mass-yield curve for, 


180-81 
low versus high-energy, 
180-81 
relative isobaric yields 
in, 181-82 
Fission neutrons 
average energy of, 294 
delayed, 305 
energy distribution of, 
294-95 
linear dose-effect curves 
in Drosophila virilis 
males, 573 
numbers of, 295-96 
average, per fission, 
299-304 
average, table, 302 
dependence on excitation 
energy, 300-1 
dependence on fragment 
mass, 301-3 
in different elements 
300 
relative biological effect- 
iveness (RBE) 
versus x-rays, 573 
spectrum, 295 
Fission photons 
angular distribution of, 
299 
and capture photons, 299 
emission time of, 298-99 
energy carried off by, 
288-89 
expected total energy of, 
296-98 
spectra of, 298-99 
Fission thresholds, 248, 250. 
272 
determinations of, 258- 


in deuteron bombardments, 
257-58, 259 

even-even, 260 

of heavy elements, 248 

increase of, 284 

liquid-drop model pre- 
dictions, 252, 260-61 

penetrability dependence 
on, 248 

in photofission and par- 
ticle-induced fission 

comparison of, 273 

seen in neutron fission, 
259-60 

seen in photofission, 260 

for spontaneous and in- 
duced fission 

comparison of, 254 
table of, 259 
Fission widths 

in charged-particle bom- 
bardments, 269-71 

dependence on angular 
momentum, 271, 284 

dependence on channel 
spin, 265 


dependence on energy, 277- 
79, 282-83, 313 
dependence on fission 
barrier height, 267, 269 
dependence on neutron bind- 
ing energy, 267, 269 
dependence on nuclear tem- 
perature, 267, 269 
in elements lighter than 
thorium, 285 
mass-symmetric part 
ratio to total fission width, 
314-15 
odd-even effects, 271 
for symmetric fission, 312 
energy dependence of, 
313 


theory of, 266-67, 273 
in uranium, 235, 263, 264 
Fluoride systems 
elements extracted in, 235 
Fragmentation, 159, 185, 
186-88 
light-nuclide yields, 186- 
87 


light particle emission, 
185 

mechanism, 187-88 

secondary reactions, 185- 
86 


Friction, dynamical 
between ion and electrons, 
375-76, 377, 398 
Frog embryo 
microcephaly in, 496 
radiosensitivity of, 496 
Fuels, nuclear 
annual requirements of, 
476 


compared to coal, 473 

cumulative requirements 
of, 476 

in electricity production, 
475 

fuel cycle costs 

burn-up per cycle, 483, 

484 


effect of burn-up on, 
484-85 

fabrication costs, 483, 
484 

in fluid-fuel reactors, 
486-88 

in homogeneous reactors, 
487 


for nonaqueous fluid-fuel 
reactors, 487, 488 
projected, 487, 488 
reductions in, 486 
in solid-fuel reactors, 
483-86 
uncertainty, 483 
in uranium-fueled con- 
verter reactors, 484 
fuel cycle "guarantees, "' 
483-85 
other uses, 475-76 
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reactor fuel inventories, 
476-77 
future requirements, 477 
Fundulus embryo 
irradiation of, 495 
Fusion power, 367, 368, 
369-70, 388, 390, 433 
DD, TD, and He“D reac- 
tions, 390-91 
from dynamic pinch, 421 
from Mirror Machine, 426 


G 


Gamma rays 
polarization of, 115-16 
see also Fission photons; 
and photon headings 
"Gamow-Teller" selection 
rule (beta decay); see 
Selection rules 
Giant cells, 581-82 
in HeLa strain, 578 
in mamalian system, 535 
in yeast, 535 
Giant resonances (photodis- 
integration), 648 
collective model, 7, 14-15, 
16-18, 20 ; 
of even-even nuclei, 334 
in rare-earth regions, 15 
widths, 16 
sharpness of, 13, 14 
shell or independent-par- 
ticle model, 7-14, 15, 
16-18, 20 
as a Single vibration, 14 
splittings, 15, 16 
widths of, 12-14, 16 
G invariance 
and weak interactions, 73 
Glucose absorption 
in irradiated rats, 523-24 
Glycogen levels 
of liver 
in irradiated rats, 524-25 
Godiva critical assembly, 
444, 447, 450, 451, 
454 
G parity, 37, 39, 41 
Gradient-B drifts 
in plasma, 411 
"Gyroscopic" drift 
in plasma, 394 


Half lives 
spontaneous-fission, 245- 
47, 249 
of uranium 238, 248 
see also Beta decay 
Halides 
in metal extraction 
bromide systems, 236 
chloride systems, 233- 
34, 235 
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fluoride systems, 235 
iodide systems, 236 
Hibernation 
as protection against ir- 
radiation, 539, 540 
High-energy reactions 
comparison with low- 
energy reactions, 159- 
60 
compilation of studies, 
190-95 
between complex nuclei 
and nucleons, 159-95 
energy levels 
density of, 168-69, 170 
evaporation process, 162, 
166-71, 175 
light particles from, 170, 
184-86 
Monte Carlo calculations 
in, 170 
failure of fission-spallation 
mechanism, 186 
inelastic cross section, 
163-64 
knock-on process, 162-66, 
167, 171, 184 
Monte Carlo calculations 
in, 164-66 
residual excited nucleus 
de-excitation of, 162 
secondary reactions, 159 
techniques in investiga- 
tion, 161 
yields of light nuclides, 
185 


see also Fission; Frag- 
mentation; and Spalla- 
tion 
Human embryo 
irradiation of, 511-16 
major abnormalities after, 
512 
Hydrogenic plasma 
diffusion velocity of, 405 
Hydromagnetic waves, 407 
unstable, 416 
Hyperons 
leptonic decay, 80-83 
amplitude of, 81 
theoretical rates of, 82 
pionic sigma-hyperon de- 
cay, 79, 80 
Hypothermia 
protection against irradia- 
tion, 543 


I 
Ideal ignition temperature, 
391 
Independent-particle model 
(IPM) 
fast-nucleon emission, 19 
Fermi-gas model, 13 


harmonic oscillator, 7, 
10, 16, 20 
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of nuclear photo effect, 
7-14, 15-23 
raw calculations, 18, 20 
rounded-edge well, 10 
square well, 7, 9, 10, 11 
transitions, 7-14, 17 
from closed shells, 10 
clustering of, 11 
energy of, 11 
nodeless to nodeless, 10 
single-particle strength, 
8, 10 
see also fission headings 
Insect whole-body radiation, 
586-87 
Instrumentation, complex, 


computer techniques, 362- 
63 


data handling, 362-63 
two-dimensional pulse- 
height analyzers, 363 
see also Measurements, 
fast time; Semiconductor 
electronics; Photomul- 
tipliers; and Transis- 
tors 
Interference 
of Fermi and GT radiation, 
106, 121 
Iodine 
comparison with astatine, 
212-13 
interaction with pions, 174 
isotope yields, 186 
see also Halides 
Ion association systems; 
see Solvent extraction 
Ionization 
equilibrium, 380 
stripping curves, 380, 381 
see also Plasma, high- 
temperature 
Ionizing radiation; see Radia- 
tion effects 
Ions 
charge transfer, 384-85 
collisions with electrons, 
375-78 
heavy 
fission cross sectic«s, 273 
fission induced by, 284 
fragment anisotropies, 335 
high Coulomb barrier, 273 
ion-ion collisions, 377, 
405-6 
pairing of, 224 
see also Coulomb collis- 
ions; and Electrons 
"Ion waves, "' 407 
Iron complexes 
and radiosensitivity, 535 


J 


Jezebel critical assembly, 
445, 447, 450-51 
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K 


"Kink" instability 
in pinch, 419 
of plasma, 411 

K-meson decays, 83-91 
charged and neutral, 90-91 
interference effects in, 91 
ratios and rates of, 85 
"sliding ray" diagram, 88 


L 


Laboratory metal extractions 
batch, 237-38 
continuous extractors, 237, 
238-40 
ether type, 238, 239 
reservoir type, 238, 240 
countercurrent, 237, 240-41 
rare-earth fractionation, 
240 
halides in, 233-35 
Lagrangian interaction 
isotopic spin change, 92 
and matrix elements, 81 
and selection rules, 91-93 
of strongly interacting 
particles, 68-71 
weak, 63, 65, 66, 67 
LAMPRE fast reactor, 442, 
468 
"Landau damping, '' 415, 416 
Langmuir frequency 
of plasma oscillations, 408 
Lead extraction, 226 
Lead targets 
irradiation of, 187 
Leptonic decays 
conservation of vector cur- 
rent, 71-73 
G invariance, 73, 81 
of K mesons and hyperons, 
80-91 
of mesons and baryons, 
68-80 
muon capture in hydrogen, 
75-76 
neutron decay, 73-75 
of pions, 76-79 
of strange particles, 78-80 
see also Beta decay; Sakata 
model; and individual 
particles 
Leptons, 105 
conservation of, 136-38, 
139, 145, 150 
interaction between, 67-68 
intermediate neutral, 135- 
36, 137 
left-handed lepton states, 
125-27 
"leptonic charge," 66, 136 
polarization, 131, 135 
see also Beta decay; and 
Negatrons 
Leukemia 





as irradiation result, 516 
Linear energy transfer (LET), 
563, 564 
in bacteriophage-host 
system, 565 
dependence, 563, 566 
effect on RBE, 573-74 
and isochromatid breaks, 
572 
radiations of, 561 
Liouville’ s equation, 396, 


Lipemia 
after x-radiation, 526-27 
Lipids 
after radiation, 526-28 
Liquid-drop model, 246-47, 
249 


and fission mass distribu- 
tions, 317-18 
nuclear compressibility, 
253 
nuclear energy 
dependence on distortion, 
251 
nuclear polarizability, 253 
nuclear surface energy, 
250, 251, 252 
sticky liquid, 301 
threshold predictions, 260- 
61 
see also Fission; and Giant 
resonance 
Lithium 
in high-energy reactions, 
166 
Lorentz-invariance, 105 
Los Alamos critical assem- 
blies 
Godiva, 444, 447, 450, 
451, 453, 454 
Jemima series, 444-45, 
447, 454 
Jezebel, 445, 450, 451 
Topsy, 444, 447, 450, 451, 
453, 454, 458 
Low-energy reactions, 167, 
173, 178 
see also separate reaction 
headings 


M 


Macroscopic equations, 397 
Magic nuclei, 15 
effect on fission mass dis- 
tribution, 318 
Magnetic bottles, 403, 418- 
27 
Astron, 426-27 
confining field, 418 
definition, 418 
variations 
Hard Core Pinch, 427 
Helical Mirror Machine, 
427 
Homopolar, 427 








Ixion, 427 
Picket Fence, 427 
Triax Pinch, 427 
see also individual forms 
Magnetic field shapes 
in fusion machines, 411-14 
Magnetic mirror, 396, 424 
see also Mirror Machine 
Magnetic moment 
of spiralling particle, 395, 
396, 401 
Majorana exchange forces, 
7, 18 
Majorana neutrino, 137-40 
Manganese extraction, 224 
MANIAC electronic computer, 
164 
Man versus mouse, 511-14 
correlations in develop- 
ment, 513-14 
neuroblasts, 513 
Many-body treatment 
of nuclear matter; see 
Brueckner treatment 
Marker rescue, 566 
from injured DNA, 567 
of phage, 568 
Mass distributions 
and angular distributions 
correlation between, 332 
asymmetry of, 317, 319-20 
from different resonances, 
316 
effect of compressibility 
on, 318 
effect of polarizability on, 
318 
in low-energy photofission, 
316 
magic numbers, 318 
single-particle effects on, 
318 


see also Fission; and Fis- 
sion fragments 
Mass spectrometry, 307 
Mass spectroscopy 
in high-energy investiga- 
tion, 161 
Measurements, fast time, 
343, 357-62 
coincidence systems, 359- 
60, 362 
fast amplifiers, 357-58 
fast pulse transformers, 
357, 358 
fast trigger circuits, 358 
semiflexible transmission 
cables, 359 
rise times of, 359 
time analyzers, 360-62 
multichannel, 361 
Vernier chronotron, 361 
Mercaptoethylamine 
irradiation protection, 501 
Mercury 
as coolant 
in fast reactors, 460, 468 
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Mesons 
counter telescope experi- 
ments, 361-62 
decay of 
pseudoscalar, 69 
scalar, 70 
fission induced by, 281 
in high-energy reactions, 
165, 189 
see also leptonic headings; 
Muon; and Pion 
Metabolism 
postradiation 
carbohydrate, 523-26, 
544-45 
cholesterol, 527 
fat, 544-45 
nucleotide, 532 
protein, 528-29 
RNA, 534 
Metals; see Laboratory ex- 
tractions; and Solvent 
extraction 
8-Methorypsoralen, 581 
Methyl isobutyl ketone 
in metal extraction, 233 
Michel parameter, 67, 147, 
150 
Microbeam irradiation 
of grasshopper neuroblasts, 
583-84 
Microcephaly 
causes, 515 
in frog blastula, 496 
in Japanese children, 515 
Mirror Machine, 396, 414, 
424-26 
adiabatic magnetic com- 
pression, 426 
ALICE experiment, 428 
heating and confinement 
studies, 432-33 
injection methods, 427-28, 


injection problem, 433 
Livermore experiments, 
424-26 
present status, 432-33 
Scylla experiment, 426 
stability of, 433 
Molybdenum; see Technetium 
Monte Carlo calculations 
of evaporation process, 
170, 174, 175, 183-84 
of high-energy reactions, 
279 


of knock-on process, 164- 
66, 175, 179 
Mouse embryo 
cerebral anomalies, 502, 
510, 511 
compared to human embryo, 
509 
irradiation of, 501-11, 518 
major abnormalities, 512 
neuroectoderm, 510, 511 
neuroblast deletion, 508, 509 
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neuroblast sensitivity, 514, 
517 
preimplantation, 502 
radioiodine 


in thyroid, 509 
testes primordia 
radiosensitivity of, 507 
sterilization, 507 
subsequent fertility, 507 
see also Exencephalia 
Multichannel time analyzer, 
361 
Multicomplexes, irradiated, 
566, 567 
Multiplicity reactivation 
‘n bacteriophage, 567, 568 
Multivibrators 
conventional circuits, 351 
junction transistor, 351 
Muon capture, 142, 144, 152 
in hydrogen, 75-76 
Muon decay, 67, 93, 100, 
146-50 
coupling strength, 149, 153 
electron angular distribu- 
tion in, 148 
energy spectrum, 147 
lifetime, 149 
polarization sign of, 77 
from polarized muon, 147 
spectrum, 89 
V-A Law in, 147-49 
Muons 
in K-meson decay, 83, 89, 
90 
Mutation 
in higher animals and 
plants, 574-76 
intensity effect on 
in mice, 574 
resistance to, 576 
somatic 
and gamma irradiation, 
576 


N 


"Natural" co-ordinate sys- 
tem, 399 
Negatrons 
capture of, 133 
decay, 133-34 
polarization of, 60, 107, 
108, 110-11 
radiation of cobalt 60, 
111 
state of momentum, 127 
see also Beta coupling; and 
Beta decay 
Neutrino, 133-40 
angular distribution, 111, 
118 
-antineutrino distinction, 
134-36, 139, 140 
capture, 133-35 
"Dirac, " 138-39 
four-component, 140 


108, 
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left-handed, 125 
"Majorana," 137-39, 150 
polarization, 100, 111-13, 
114, 115, 116 
two-component theory, 138- 
40, 150 
see also Antineutrino; Beta 
coupling; and Beta decay 
Neutron cross sections 
for reactors, 437, 439 
see also Cross sections 
Neutron decay, 73-75, 79, 
113-14, 116-22 
beta distribution from, 117, 
121 
Neutron detector, 280-81 
Neutron-flux 
distribution, 465 
spectra, 450-52 
Neutronics, fast-reactor, 
446-60 
experimental data, fast- 
assembly, 446-60 
critical size, 446, 447-48 
perturbation data, 446, 
450 
Rossi alpha, 452, 454, 455 
spectral characteristics, 
450, 452 
Neutrons 
angular correlations 
with fission fragments, 
280-81 
angular distributions of 
with aligned nuclei, 328 
and chromosome breakage 
x-ray-induced, 569-70 
emission of, 270 
dependence on fissionabil- 
ity, 313 
effect on nuclear rotation 
axis, 331 
probabilicy for, 272 
"thermionic emission" 
probability, 276 
width, 256 
fast 
critical mass, 449 
spectra, 453 
fission, 267, 300, 327 
fission cross sections, 255- 
56, 265-66 
fission thresholds, 259-60 
multiplicities of, 296 
from pinches, 430 
polarization of, 117-18 
prompt 
mean lifetimes of, 454, 
455 
-neutron spectra, 294-96 
thermal, 328 
see also Fission neutrons 
Newcastle disease virus 
analysis of, 563-64 
Nitrate extraction system 
elements extracted in, 232- 
33 
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Nitric oxide 
and radiosensitivity, 538 
Nitrosonaphthols 
metal extraction, 230 
Nitrous oxide 
radiosensitivity reduction 
by, 537 
Nonfission cross sections 
energy dependence of, 
279-80 
"Nonsense DNA," 578 
Nuclear emulsions 
in high-energy investiga- 
tion, 161, 171, 181 
with high-intensity beams, 
184-85 
of spallation reactions, 179 
Nuclear photo effect; see 
Photodisintegration, 
nuclear 
Nuclear power 
capital costs 
of advanced plants, 482, 
488, 490 
of first-generation proto- 
type plants, 481-82, 
484, 485 
long-range outlook for, 
488-90 
for second-generation 
plants, 488, 489, 490 
cheap fuel, 473 
economics of, 473-90 
forecasts, 473-76 
of capacity, 474 
electricity market es- 
timate, 474-76 
of growth, 474-76 
growth rate of electrical 
industry, 474 
production rates 
of materials, 479-81 
reactors, 476-78 
reserves 
of materials, 479-81 
see also Fuels, nuclear 
Nuclear power plants 
capital costs of, 481-82, 
484, 485, 488, 489, 490 
initial fuel costs, 484, 486 
table of, 486 
total power costs in 
estimate (1964), 489 
Nuclear transplantation tech- 
niques, 583 
Nucleases 
postradiation biochemical 
changes, 577-81 
after radiation, 529-31 
Nucleic acids 
irradiated, 553-54 
postradiation changes, 577- 
79 


synthesis, 577 
Nucleolus 
importance in all division, 
583-84 





loss of basophilia in, 582 
RNA in, 582 
Nucleon-nucleon potentials, 


deformed, 16 
Gammel-'Thaler, 1, 2, 3 
Van Vieck, 13 
velocity-dependent (ef- 
fective mass), 13 
Nucleon-nucleon scattering, 


Nucleons 
in fission, 250-51, 281 
"soft," 335 
Nucleoproteins 
after irradiation, 533, 
536-37 
nucleohistone, 536 
Nucleus, fissioning, 276, 
280, 286-87, 290 
compound 
excitation energy of, 323 
moment of inertia of, 272 
polarizability of, 321 
stickiness of, 300 


Oo 


"Onium" system, 222 
“Optical theorem, " 50 
"Organismic" forces, 493, 
494, 503 
Oscillators 
in multichannel time ana- 
lyzer, 361 
transistor, 353 
Oscilloscope 
for obse1 ving fast pulses, 
362 
Oxyanions 
in solvent extraction, 235- 
37 
Oxygen effect, 537-39, 557- 
59 


carbon monoxide inhibition, 
559 
and carbon radical, 557, 


on chromosome breakage 
or rejoining, 572 
in dry systems, 558 
E. coli B variations in, 
538-39 
and HOg radical, 557 
inert gases 
influences of, 537-38 
ionic bond hypothesis, 559 
and iron complexes, 538 
within the nucleus 
of a cell, 537 
in oocytes, 573 
and radiation, 537 
on ring losses in sperm, 
573 
use of cupferron, 558 
Oxygen saturation curve 
of Shigella flexneri, 557, 558 














of Vicia root chromosomes, 
557-58 


P 


"Parallel pressure compon- 
ents," 399, 400, 411, 
412 

Paramagnetic resonance 
studies, 553, 555 

Parameters, nuclear 

plutonium 239, 437 
thorium 232, 437 
uranium 233, 437 
uranium 235, 437 
uranium 238, 437 
Parchment worm Chaetoperus 
egg irradiation of, 495 
Parity, 100-5 
and charge conjugation, 
103, 104 
operations, 103-5 
space inversion, 103 

Parity conservation, 102, 

104, 124, 147, 148 
effects of, 102 
overthrow of, 100-3 

mirror-image experi- 

ment, 101-2 
violation of, 108, 139-40 
see also Beta coupling; 

and Beta decay 

Partial cell irradiation, 
583-84 

Particles, elementary, 61- 
67 


masses and lifetimes of, 
62 
strong interactions, 64-65, 
68-69 
see also Sakata model 
weak interactions of 
and charge conjugation, 
65 
and chirality transforma- 
tion, 65 
and combined inversion, 
65 
constant G, 63 
and "leptonic charge," 66 
between leptons, 67-68 
nonconservation of parity 
in, 65 
nonlepitonic, 91-93 
Universal Fermi inter- 
action, 61-64, 66-67 
see also Lagrangian inter- 
action; and individual 
particles 
Perhapsatron pinch appara- 
tus, 430 
Peroxide formation 
after radiation, 528, 531 
"Perpendicular pressure 
components, " 399, 400, 
411, 412 
Pertechnetate ion 
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as corrosion inhibitor, 205 
optical absorption spectrum, 
205 
solvent extraction behavi- 
or, 211 
Perturbation theory, 34, 
40, 41, 42, 47, 50, 51 
conventional, 56 
and weak interaction, 69, 
76 
Phosphorus-32 injection 
in chick eggs, 497-98 
Phosphorylation 
nuclear, 532 
oxidative, 532 
Photocathodes 
spherical, 355-56 
Photodeuterons, 21 
Photodisintegration, nuclear, 
1-23 
for deformed nuclei, 14-15 
collective model, 14-15 
Fermi gas model, 13 
IPM, 15-16 
of the deuteron, 1-5, 21 
dispersion theory, 9 
exchange forces, 8 
low-energy data, 4 
of very light nuclei, 5 
see also Giant resonances 
Photodynamic action, 581 
Photo effect; see Photodis- 
integration 
Photofission, 254-56, 326 
fission thresholds in, 260 
fragment anisotropies, 
325, 328, 331 
giant resonance, 334 
low-energy cross sections, 
255 
low-energy mass distribu- 
tions in, 316 
and neutron fission, 266- 
69, 272 
quadrupole absorption and, 
326 
Photographic plate studies 
of fission, 281 
Photomultiplier integrating 
amplifier, 358-59 
Photomultipliers, 343, 348, 
354-56 
Cerenkov counter detec- 
tion, 354-55 
fast passive elements, 
358-62 
fast types of, 356 
and scintillators, 354 
spherical photocathodes, 
355-56 
time difficulties, 354-56 
Photon 
emission 
end states for, 263 
fission studies, 254-56 
spectra in fission, 294, 
296-99 
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widths, 256, 262 
see also Fission photons; 
Gamma rays; and 
photo- headings above 
and below 
Photon scattering 
elastic, 22 
inelastic, 22 
Photopion production, 58 
Photoproduction 
of a pion, 2, 3 
Photoreaction; see Photo- 
disintegration, nuclear 
Photoreactivation, 553 
kinetics of, 562 
of phage, 568, 569 
Photosynthesis, 580-81 
Pinch effect, 411, 412, 418- 
22, 425 
"dynamic pinch" 
with deuterium, 421 
pinching column, 420-21 
history of, 419-21 
present status, 429-31 
"hard-core" pinch, 430- 
31 
Perhapsatron, 430 
problems, 431 
runaway electrons, 430 
Zeta, 430 
pressure-balance equation 
for, 419 
"stabilized pinch," 421 
Pion 
decays, 76-78, 79, 93, 
100, 141-45, 155 
electron to muon ratio, 
143, 146 
lifetime, 144, 145 
polarization of products, 
143 
spectrum, 89 
Pion-nucleon interaction, 
29-59 
diagrams, 31 
Pion-nucleon scattering, 37, 
49, 50, 57 
low-energy, 56, 57 
Pion-photon vertex function 
calculation of, 58 
Pion-pion scattering, 29, 
35-37, 41, 49, 50, 51- 
52, 54, 56-57, 58 
Plasma, high-temperature, 
367-433 
ALICE experiment, 428 
collective physical proc- 
esses, 391-418 
action integral, 396 
"adiabatic hypothesis, " 
394-95 
adiabatic invariants, 394- 
97, 408 
centrifugal drift, 393, 411 
charge separation, 393 
dielectric constant, 407 
diffusion drift velocity, 
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403 
entropy change, 402, 414 
equations of motion, 392- 
94 
"extraordinary wave," 
409 
"flux surface, '' 397 
gradient-B drifts, 411 
"guiding center, " 393 
"gyroscopic" drift, 394 
"magnetic mirror," 396 
"Mirror Machine," 396 
plasma diffusion across 
a magnetic field, 402-6 
plasma frequency, 408 
radiation limits, 409 
see also Plasma instabil- 
ities; and Pressure bal- 
ance equations 
diamagnetism of, 401 
difficulties in research, 
368-69 
injection problem, 427-29, 
433 
Oak Ridge DCX experiment, 
428, 433 
particulate physical proc- 
esses, 369-91 
charge exchange, 384-87 
DD, TD, and He®D reac- 
tions, 390-91 
electron-electron brems- 
strahlung, 378, 379 
electron-ion bremsstrah- 
lung, 378-79, 383-84 
electron-ion transfer 
rates, 376, 378 
"Ideal Ignition Tempera- 
ture," 391 
ionization, 370-71, 380 
nuclear reactions, 387-91 
see also Coulomb collis- 
ions; and Excitation radi- 
ation 
Russian OGRA experiment, 
428 
Scylla experiment, 428, 
433 


see also Magnetic bottles 
Plasma instabilities, 409- 
18 
interchange instabilities, 
409 
criterion for stability, 
411, 412 
flute instability, 412-13 
physical mechanism of, 
410 
"pinch effect," 411, 412 
sausage instability, 411, 
419, 421 
shear field, 414 
suppression of, 413 
see also Stellarator 


velocity-space instabilities, 
410, 411, 414-18, 425 
"firehose" instability, 417 
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"Landau damping," 415 
"Mirror" instability, 417 
of Mirror Machine, 425, 
426 
wave-particle interacti- 
ons, 415 
Ploidy 
lethal radiation effects, 575 
radiosensitivity and, 559- 
61 


Plutonium 
as fast-reactor fuel, 467 
fission anisotropy of, 334 
Plutonium 239 
as reactor fuel, 437 
for fast reactors, 438 
Polarization 
in deuteron photo effect, 4 
see also individual par- 
ticles; and rays 
Poles 
"backward" pion pole 
in neutron-proton scat- 
tering, 46 
coupling constants, 41-43 
pion-nucleon, 42, 51 
pion-pion, 55 
deuteron, 58 
"forward" pion poles, 46 
location of, 40-41 
in Mandelstam representa- 
tion, 53 
"polology, " 43-47 
— range" theory, 
7 
extrapolation, 43-47, 51 
positions of, 45 
residues, 41-43, 45 
determination of scatter- 
ing amplitudes, 44 
of deuteron pole, 43 
of nucleon pole, 51 
in scattering amplitudes, 
39-47 
see also Perturbation theory 
Positrons 
emission of, 111 
polarization of, 110-11, 
127 
see also Beta coupling; and 
Beta decay 
Potassium shift 
in irradiation, 543-44 
Pressure balance equations, 
397-402 
Boltzmann equations, 397- 
98 
diamagnetic depression, 
401 


"natural" co-ordinate sys- 
tem, 399 

“parallel pressure compon- 
ents, '' 399, 400, 411 

parameter 8, 402 

"perpendicular pressure 
components," 399, 400, 
411 





for pinch effect, 419 
pressure (stress) tensor, 
398 
Proteins 
altered by radiation, 528- 
29, 554 
spin resonance in, 554 
Protein synthesis, 529, 536, 
577 
blocking of, 577 
and glucose, 579 
resistance to x-radiation, 
528 
Protons 
anisotropies, 328, 335 
in high-energy fission, 
335 


see also High-energy reac- 
tions 
Prototrophy 
mutations in E. coli to, 
562 


Q 


Quadrupole absorption, 326 
see also Photodisintegra- 
tion; and nuclear and 
other photo- headings 
8-Quinolinols 
extraction of metals, 
228-29 
Q values 
of fission, 287-89, 293, 
296 


R 


Radiation damage 


to bacteriophage-host sys- 
tem, 565-66 

to biomolecules, 553-57 

to DNA in solution, 565 

to dry systems, 554-55 

nuclear versus cytoplas- 
mic, 584 

to nucleic acids, 553-54 

oxygen-sensitive damage, 
557-59 

to proteins, 554 

recovery from, 562 

to yeast genetic apparatus, 
559-60 

see also Oxygen effect 


Radiation effects 


adrenal cortical changes, 
525 

amino-aciduria, 524-25 
anencephalia, 495 

in man, 514, 516 

in rat embryo, 499 
anoxia, 558 
beneficial, 585-86 
biochemical, 523-45 
on biomolecules, 553-57 
on "-blast" cells, 499 
on carbohydrate metab- 











olism, 523-26 

cerebral anomalies, 502 

on chick embryo, 496-98 

on cholesterol metabolism, 
527 

chromosomal breakage, 
569-74 

excess of metaphase di- 

centrics, 570 

on creatine synthesis, 525 

cross reactivation, 555-66, 


on dogs, 501 
protection of pregnancy, 
501 
dominant lethal effects, 575 
on Drosophila, 575 
electrolyte shifts, 543-44 
on electrolyte transport, 
579-80 
and erythrocyte lifetime, 
580 
on embryo, 493-519 
congenital anomalies, 493, 
494, 502, 503, 505, 511, 
514, 517 
at fertilization stage, 517 
during gastrulation, 493 
on embryonic amphibia, 
496 
on embryonic rats, 498- 
501 
enhanced muscle catabol- 
ism, 525 
on enzymes, 529-31 
sulfhydryl, 531 
trypsin, 531 
in vitro, 531 
in vivo, 529-31 
on fat, 526-29 
on fish, 495-96 
genetic 
on phage, 569 
on yeast, 599-60 
on germination ability, 561 
giant cell formation, 535 
on glucose absorption, 523- 
24 
on glycolysis, 525-26 
of ascites tumor cells, 
526 
of mouse liver, 525 
on human embryo, 511-14 
exencephalia, 514 
stunting, 514-15 
"inactivation, " 585 
on insects, 586-87 
on Japanese children, 514- 
15 
on lipids, 526-28 
on liver glycogen levels, 
524-25 
major abnormalities 
in man, mouse, rat, 512 
in man, 511-16 
deficient adult, 516 
leukemia, 516 
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on marine organisms, 494- 
95 
marker rescue, 566 
from injured DNA, 567 
microcephalia, 499, 500, 
574 
microphthalmia, 499, 500, 
505 
on mitosis, 534, 535, 584 
on mouse embryo, 501-11 
mutagenesis, 574-76 
mutation of spores 
action spectrum of, 562 
mutations to prototrophy, 
562 
on nucleic acid, 532-36 
on nucleoproteins, 533, 
536-37 
oxygen effect, 537-39, 
557-59 
peroxide formation, 528 
on photodynamic actions, 
581 
on photosynthesis, 580- 
81 
on ploidy, 559-61 
postradiation biochemical 
changes, 559, 577-81 
increase in enzymes, 578- 
79 
increase in nucleotides 
released, 578-79 
postradiation morpholog- 
ical changes 
filamentous forms, 582 
giant cells, 581-82 
in mitochondria, 582 
multicellular inactivation 
forms, 583 
in the nucleolus, 582 
potassium shift, 543-44 
protection against, 495, 
497, 501, 507, 517, 
519 
by amines, 541-42 
anoxia in, 539, 541 
by cysteamine, 540-41 
by cysteine, 539-40, 541, 
544 


by fluoroacetate, 543 
by hibernation, 539, 540 
by hypothermia, 543 
by reserpine, 542 
by S, 2-aminoethyliso- 
thiouronium, 542 
by yeast, 543 
quasisensory stimulus, 
584-85 
"recovery" from injury, 
495, 500, 516 
sensitization to heat, 586- 
87 
ultraviolet, 556-57 
valuable, 494, 518-19 
on viscosity 
of synovial fluid, 556 
see also Embryology; Ex- 
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encephalia; Mutation; 
and Ultraviolet effects 
Radiation sensitivity 
of chromosomes, 536, 538 
variations in, 537 
in mitotic cycle, 534, 
545 
B-Radioactivity 
laws of, 99-155 
see also Beta coupling; and 
Beta decay 
Radiobiology; see Cellular 
radiobiology 
Radiochemical procedures 
for astatine, 215-16 
for technetium, 209-10, 
212 
Radiochemical separations; 
see Solvent extraction 
Radiochemistry 
charge distribution exam- 
ination, 320 
in high-energy investiga- 
tion, 161, 171, 181 
of secondary reactions, 
186 
mass-yield determination, 
307 


measurement, 307, 335 
Radioiodine 
in fetal mouse thyroids, 
509 


in pregnant women, 516 
Radiomimetic drugs, 494, 
517 
in rat embryos, 498 
Radiomimetic insults, 514 
Radiosensitivity 
of bacteriophage, 565 
before fertilization of egg, 
519 
of fertilized egg, 516 
oxygen saturation curve 
for, 557-58 
and ploidy, 559-61 
of yeast, 559-60 
genetic aspects of, 559- 
60 


see also Radiation damage; 
and Radiation effects 
Radium 
fission of, 271, 284, 333- 
34 
mass distribution in, 
310-11, 315 
Rare-earth region 
photonuclear effect in, 
14-16, 18 
Rat embryo 
irradiation of, 498-501 
anencephalia, 499 
microcephalia, 499, 500 
microphthalmia, 499, 
500, 505 
neuroblasts, 498-99 
neurectoderm, 499 
postirradiation repair, 500 
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Reactors 
burn-up requirements in, 
478 
fuel cycle costs in, 483- 
86 
"developmental, '' 441 
fuel cycle costs in, 484 
in fluid-fuel reactors, 
486-88 
in homogeneous reactors, 
487 


in nonaqueous-fluid -fuel 
reactors, 487, 488 
in pressurized-water 
reactors, 483 
in uranium- fueled con- 
verter, 484 
fuel inventories, 476-77 
future distribution of 
by type, 477-78 
projected capacities of, 478 
thermal, 437-38, 464, 469 
parameters for, 439 
Reactors, fast-neutron, 
437-69 
advanced concepts, 468-69 
compact high-tempera- 
ture power, 469 
cooling by boiling mer- 
cury, 468 
fast-thermal reactor, 469 
LAMPRE, 468 
space application, 469 
ultra-high-temperature 
chemical processing, 
469 
advantages of, 440 
compared to thermal re- 
actors, 438-49 
control and stability, 439 
comparison of, 440 
computational survey of, 
454-60 
effects of reflector on 
uranium-238, thorium- 
232 systems, 460 
§, calculations, 454-57 
type of computation, 
454-57 
critical volumes, 458 
cylindrical core shape 
dependence of critical 
mass on, 449, 463-64 
fast critical assemblies, 
443-46 
British, 445-46 
Russian, 446 
see also individual lab- 
oratories and models 
fuel 
burn-up of, 438 
conversion ratio, 437 
critical concentration, 
458-59 
cycle, 467-68 
fertile materials, 437, 
444, 459 
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radiation damage of, 438 
see also Fuel, nuclear 
parameters for, 439 
programs, 440-43 
see also individual coun- 
tries 
prototype and developmen- 
tal characteristics of, 
443 
subcritical assemblies, 445 
uranium-metal exponential 
columns, 445 
see also Fast reactor en- 
gineering; Neutronics, 
fast-reactor; and Spher- 
ical fast systems 
Refrigeration 
during irradiation, 496 
Relative biological effective- 
ness (RBE), 574 
for chromosome and 
chromatid aberrations, 
573 
classical versus modern, 
574 
fission neutrons versus 
x-rays, 573 
Relaxation times 
in electron-ion collisions, 
375-74 
Reservoir continuous ex- 
tractor, 238-40 
Rhenium; see Technetium 
R locus in Mormoniella 
mutation rate of, 575-76 
RNA (ribonucleic acid) 
radiation damage to, 532- 
36 
and radiosensitivity, 543 
ratio in nucleolus, 582 
RNase decrease 
after irradiation, 530 
Rossi alpha, 452, 454 
table of, 455 
Rossi coincidence circuit, 
351 
Russian critical assemblies 
BP-l, 446 
BP-3, 446 
Russian fast-reactor pro- 
gram, 442-43 
BP-2, 442 
BP-5, 442 
BH-50, 442-43 
BH-250, 443 
Russian OGRA experiment, 
428 
Ruthenium; see Technetium 


s 


Saddle point, 329, 330, 332 
channels, 262-64 
descent from, 290 
diagram, 274-76 
distorted nucleus at, 253, 
267 


level structure of, 249-50, 
257, 272, 274, 301, 316, 
325-28 

of liquid drop, 252, 253 

one-saddle view, 315 

Saha equation, 380 
Sakata model, 64-65, 71, 
72, 73, 91, 93 
Salamander larvae 
irradiation of, 496 
S, 2-aminoethylisothiouron- 
ium 

protection against irradia- 

tion, 542 
of S3HeLa cell cultures, 
542 
Sausage instability 
in pinch, 419, 421 
of plasma, 411 
Scattering 
amplitude 
pion-pion, 48 

backward n-p, 46 

Coulomb, 374-75 

elastic 

of charged particles, 371 
proton-neutron, 11 

electron-electron, 109-10 

fast electron 

ion-ion, 377 

nucleon-antinucleon, 46 

nucleon-nucleon, 39, 46 

photon-nucleon, 58 

of photons, 22 

pion-nucleon, 47 

pion-pion, 29, 35-57, 41 

resonance, 115 

Scintillators 
timing fluctuations, 354 
Scission, 289, 290, 291, 309 
Coulomb energy 
between fragments, 290 
internal charge distribution 
at, 321 
mean separations at 
for different mass ratios, 
293 
spin distribution at, 334 
Scylla Los Alamos experi- 
ment, 426, 433 
Sea-urchin Arbacia eggs 
irradiation of, 495 
Selection rules 
Fermi versus GT, 106-7 
"comparative half lives," 
106, 132 
coupling strength, 107, 
113, 121-22, 149, 152 
"ft-values, "106, 132 
for Lagrangian weak in- 
teraction, 91-93 
see also Electron- 
neutrino correlation 
see also Beta coupling; 
and Beta decay 
Semiconductor electronics, 
343-54 














semiconductor diodes, 343, 


fast, 352 

see also Transistors 
Serum oxidase 

radiosensitivity of, 556-57 
Serum proteins 

after radiation, 528, 539 
Shell model; see Independent- 

particle model (IPM) 

Shigella flexneri 

radiosensitivity of, 557, 558 
Siegert's theorem, 3, 4, 6, 


Snail Helisoma eggs 
irradiation of, 495 
Sodium 
dispersing effect, 467 
as fast-reactor coolant, 
460, 461-63 
-potassium alloy 
as fast-reactor coolant, 
460 
Sodium fluoroacetate 
and radiation sensitivity, 


Solvent extraction, 221-41 
apparatus, 237-41 
see also Laboratory ex- 
tractions 
chelate systems, 222, 223, 
226-30 
cupferron, 227 
diethyldithiocarbamates, 
226-27 
B-diketones, 229-30 
dithizone, 227-28 
nitrosonaphtols, 230 
8-quinolinols, 228-29 
extraction equilibria 
quantitative treatments 
of, 225-26 
extraction kinetics, 226 
ion association systems 
alklyphosphoric acids, 
230-31 
carboxylic acids, 231 
cationic chelates, 231-32 
extractions of anionic 
chelates, 237 
halides, 233-34 
nitrate extractions, 232- 
33 
"onium" usage, 222 
oxyanions, 235-37 
trialkylphosphine oxides, 
233, 234 
metal extraction systems, 
223 
principies of, 222-26 
distribution law, 222 
process of, 224 
formation of uncharged 
complex, 224 
"Source moments," 106 
Space inversion, 103, 104 
Spallation, 159, 172-79, 
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188-89 
evaporation process in, 
173 
light-element targets, 
176-77 
excitation functions of, 177- 
79 
isobaric products 
relative yields o., 167, 
170, 172, 173-75 
mass-yield distributions, 
172, 175-77, 179 
"Specialization energy, " 250 
"Spectral indices, " 450 
of fast assemblies, 454 
Spherical fast systems 
critical masses of, 461, 
464 
critical volumes of, 462, 
465 
initial breeding ratios of, 
463, 466 
initial conversion ratios 
for, 459 
see also Reactors 
Spin resonance 
in irradiated proteins, 554 
Spin states 
of leptons, 100 
Splitting of photonuclear res- 
onance, 15, 16 
Spontaneous fission, 246-47, 
309 
lifetimes 
of even-even nuclei, 246- 
47, 249 
odd-even differences, 
247, 249 


le of, 247 
Z“A, 246-27, 249, 268 
Spores 


irradiation of, 561-62 
survival curves of, 564 
Statistical microscopy, 
563-66 
Stellarator, 406, 414, 425 
"figure 8," 422-24 
injection method, 427 
"magnetic pumping, "' 423 
present status, 431-32 
"pump-out, " 431 
rotational transform, 423 
"stabilizing windings," 424 
Stérmer's cosmic ray stud- 
ies, 396 
Strange particles 
leptonic decays, 68-91 
nonleptonic decays 
AT=1/2 rule, 92, 93 
see also individual particles 
Strong coupling 
in "ordinary" particles, 
pions and nucleons, 29- 
59 
Substitution rule 
in dispersion relations, 
34-35 
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Sulfhydryl enzymes 
in-vitro radiosensitivity of, 
531 
Sum-rule calculations 
for nuclear photo effect, 
4, 5-6, 7, 8, 13 
Symmetry energy 
nuclear, 324 
see also Fission 


T 


Target theory, 563, 573-74, 
581 
Taurine 
excretion of, 524-25 
"Taylor" plasma instability, 
410-11 
Technetium 
analytical chemistry of, 
208-12 
assay methods, 212 
back-extraction, 211 
distillation, 209-10 
separation from molyb- 
denum, 209-10, 211, 
212 
separation from rhenium, 
209, 212 
separation from ruthen- 
ium, 210 
ion-exchange separations, 
211-12 
oxidation potential diagram, 
208 


precipitation as sulfide, 
210 

radiochemical procedures, 
209-12 

removal from organic pre- 
cipitate, 210 

similarity to rhenium, 208- 
9 


solvent extraction, 211 
thermodynamic properties 
of, 209 
see also Pertechnetate 
ion; and Technetium 
compounds 
Technetium compounds, 205- 
7, 210 
insoluble pertechnetates 
precipitation of, 210 
oxidation states, 205-8, 
210 
thermodynamic properties 
of, 209 
unidentified lower states, 
207-8 
electromigration exper- 
iments, 208 
Teller, Edward 
hypothesis of, 397 
Teratogenesis, 494 
Thenoyltrifluoroacetone 
elements extractable by, 
229 
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Thermionic emission equa- 
tion, 274 
Thiocyanates, alkali 
as complexing reagents, 
234-35 
elements extracted in, 237 
Thorium 
production rate, 480-81 
projected requirements 
for, 478-79 
reserves of, 480 
Thorium 232 
as "fertile" material, 473 
as reactor fuel, 437 
Thyroid 
of fetal mouse, 516 
avidity for radioiodine, 
509 
of pregnant women, 516 
"Time reversal," 104, 119, 
124 
invariance to, 122 
Toads 
Bufo boves, 496 
clawed toad xenopus, 496 
embryonic irradiation 
of, 496 
Topsy critical assembly, 
444, 447, 450, 453, 454, 
458 
Total-body radiation 
of insects, 586-87 
of rats, 523-24, 528 
Transaminases 
postirradiation changes, 
529 
Transformers, 357-59 
fast pulse, 357 
equivalent circuit for, 
358-59 
in high-speed circuitry, 358 
Transistors, 344-48 
amplifiers 
de, 353 
wideoand, 349-51 


collector current, 345, 347, 


348 
complementary emitter fol- 
lower, 353 
in computer-type circuits, 
353-54 
as switches, 353 
cutoff, 345 
a-cutoff frequency, 347 
B-cutoff frequency, 348 
cooling, 346 
fast, 351 
fast coincidence circuits, 
351-52 
high-frequency 
diffused-base, 346, 347- 
48 
arift, 347-48 
surface-barrier, 345, 
346, 347 
multivibrator circuits, 351 
nuclear detectors, 348-52 
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oscillators, 353 
p-n-p germanium, 349 
saturation, 345, 351, 353 
transistor discriminators, 
351 
voltage limitations 
avalanche breakdown, 345 
punch-through, 345, 347 
Zener breakdown, 345 
"Transparency," 171 
Transport processes 
in plasma, 371 
TREAT (transient reactor 
test facility), 467 
Trialkylphosphine oxide sys- 
tem 
elements extracted in, 233, 
234 
Tributylamine 
in metal extraction, 235 
Tributyl phosphate 
in metal extraction, 233, 240 
Trypsin, irradiated 
inactivation in vitro, 531 


U 


Ultraviolet effects, 556-57 
absorption 
of irradiated plastics, 587 
on DNA, 567-68 
on Drosophila, 576 
on E. coli B, 582-83 
versus ionizing radiation, 
567 
on phage, 569 
on rat liver mitochondria, 
578 
recovery from, 562-63 
on serum oxidase, 556 
survival curve, 568 
versus x-radiation, 562-63, 
567 
on x-rayed yeast, 568 
United States-Euratom pro- 
gram 
fuel cycle costs 
table of, 484, 485 
United States fast-reactor 
program 
Clementine, 441 
EBR-I, 441, 460, 465-66, 
467 
EBR-II, 441-42, 443, 464, 
466, 468 
Enrico Fermi Atomic Power 
Plant, 442, 466 
LAMPRE, 442, 468 
Universal Fermi interaction, 
61-64, 66-67, 89, 93, 
140-55 
charged vector meson 
exchange of, 66 
objection to, 76 
pionic effects in, 150-53 
primary, 66-67 
see also Beta coupling 





Uranium 
angular distribution effect 
in 147-Mev bombardment, 
280-81 
burn-up requirements 
in nonbreeder reactors, 
478 
compounds 
in fuel development, 483 
cores 
in reflectors, 449 
excitation curve 
related to alpha-particle 
measurements, 273 
extraction of, 226, 232, 
233 
half life of, 248 
production rate, 479-80 
projected requirements 
for, 476, 478-79 
reserves of, 480 
sgpntaneous fission of, 246 
Z“A 


of isotopes, 267, 268, 269 
Uranium 233 
extraction of, 227, 228, 241 
as reactor fuel, 437 
for thermal systems, 438 
Uranium 235 
content of uranium, 445 
fission rate distributions, 
453 
fission widths in, 263, 264 
mass distribution, 310-11, 
318 
as reactor fuel, 437, 459 
thermal cross section, 265 
thermal-neutron fission of, 
293, 294, 298, 307, 308, 
319 
Uranium 238 
carbon cross sections on, 
274 
fast-neutron fission 
cross section, 277-79 
as fertile material, 459, 473 
fission cross sectionfor, 181 
mass-yield curve for, 180 
450-Mev fission of, 184 
as reactor fuel, 437 


Vv 


V-A Law, 127-30, 140, 141, 
152, 155 
for muon decay, 147-49 
Vernier chronotron, 361 
Vertebrate radiobiology, 
493-519 
postirradiation regeneration 
in fetal rats and mice, 
500 
see also Embryo; and Radi- 
ation effects 
Vicia roots 
aberrations of, 572 
aberration yield, 570 











chromosome breakage, 569 
radiosensitivity of, 557- 
58, 559 
Virus structure 
inferred 
from radiation experi- 
ments, 563-64 


Ww 


Weak interactions; see Beta 
coupling; and Beta decay 
Weak vector interaction 
and electromagnetic inter- 
actions, 73 
nonrenormalization of, 73 


x 


X-irradiation 
of early mouse embryo, 503 
"normal," 503, 517 
of fetal rat, 500 
growth rate, 500 
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versus gamma radiation, 
574 

-induced breaks in chromo- 
somes, 569-70 

-induced crossing over, 
572-73 

of multicomplexes, 567 

of mung bean roots, 579 

of muscle, 579 

of pregnant mouse, 502 

RBE versus fission neu- 
trons, 573 

ring losses after, 573 

as shock factor, 516 

survival curve, 568 

of yeast, 568 


Y 


Yeast 
bombardment of dry cell, 
564 
irradiated cultures 
constituents of, 577 


625 


morphology of, 582-83 

radiosensitivity of, 543, 
559-60 

recovery from radiation, 
562-63 

retentivity effects in, 580 

survival curves, 560, 564 

x-rayed 

ultraviolet reactivation 

of, 568 


Z 


Z7A, 246-47, 249, 266 
of compound nucleus, 267 
and fission barrier, 268 
fission-fragment anisotropy 
of, 333 
and fission threshold, 260 
in liquid-drop model, 252-53 
Zephyr critical assembly, 
445-46, 447, 452, 454 
Zeus critical assembly, 445- 
47, 452 





